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MAGIC HEXAGON ACTIVITY




Building It: The Quotient |dentities

Start with:
tan(x) = sin(x) / cos(x)
_ sin(x)
a9 = cost
tan A
@ To help you remember think "tsc !"
Then add:

sin CoS

e cot (which is cotangent) on the opposite
side of the hexagon to tan / ; ; \
tan cot

e csc (which is cosecant) next, and

e sec (which is secant) last
sec csc

To help you remember: the "co" functions are all on the right



OK, we have now built our hexagon, what do we get out of it?

Well, we can now follow "around the clock" (either direction) to get all the "Quotient

Identities":
Clockwise
e tan(x) = sin(x) / cos(x)
e sin(x) = cos(x) / cot(x)
e cos(x) = cot(x) / csc(x)
e cot(x) = csc(x) / sec(x)
e csc(x) = sec(x) / tan(x)

e sec(x) =

tan(x) / sin(x)

Counterclockwise

cos(x) = sin(x) / tan(x)
sin(x) = tan(x) / sec(x)
tan(x) = sec(x) / csc(x)
sec(x) = csc(x) / cot(x)
¢sc(x) = cot(x) / cos(x)

cot(x) = cos(x) / sin(x)



Product Identities

The hexagon also shows that a function between any two functions is equal to them
multiplied together (if they are opposite each other, then the "1" is between them):

~ Sin___ cos _ Sin coS
| tan(x)cos(x) = sin(x) /} :/ tanBelcotie) = 1 \}
. 5 % P
tan¢ \ ycot tan cot
sec cSC sec CSC
Example: Example:

tan(x)cos(x) = sin(x) tan(x)cot(x) = 1

Some more examples:
e sin(x)csc(x) = 1

e tan(x)csc(x) = sec(x)

e sin(x)sec(x) = tan(x)



But Wait, There is Morel

You can also get the "Reciprocal Identities", by going "through the 1"

sin  CoS

tax/Y\ cot Here you can see that sin(x) = 1 / csc(x)

7 |
CSCX )

sin x =
SecC sC

Here is the full set:
e sin(x) = 1/ csc(x)
e cos(x) = 1/ sec(x)
e cot(x) = 1/ tan(x)
e csc(x) = 1/ sin(x)
e sec(x) = 1/ cos(x)

e tan(x) = 1 / cot(x)



Bonusl!
AND we also get these co-function identities:

Examples:

sin . €08

’}éin(x) = cos(90° —x)\:

e sin(30°) = cos(60°)
cot @Y. tan(80°) = cot(10°)

tan

:f/éec(x)=csc(9o°-xh)“j: e sec(40°) = csc(50°)

SecC CSC

Or, if you prefer, in radians :

Examples:

SN COS (gin(x) = cos(% -X)

- sin(0.1w) = cos(0.4m)
tan cot (tan(x) = cot(F -x) )
e cot(m/4)

csc(m/6)

tan(m/4)

seC Pesc | seel) = ese(z x) | e sec(m/3)

I




Double Bonus: The Pythagorean Identities

The Unit Circle shows us that

2

sin2x + cos?2x = 1

The magic hexagon can help us remember that, too, by going clockwise around any
of these three triangles:

sin CcoS

[ sin?(x) + cos?(x) = 1  1

tan/V\ cot
(tan?(x) + 1= sec2(x)/}‘ [ 1 + cot?(x) = csc?(x) |
~ sec cse =

And we have:
o sinz(x) + cosz(x) = 1
e 1+ cotz(x) = cscz(x)
e tan?(x) + 1 = sec?(x)
You can also travel counterclockwise around a triangle, for example:

s 1~ cosz(x) = sinz(x)



SIMPLIFYING TRIG WORKSHEET
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